Applicant : 
Appl . No . : 
Filed: 
For: 



PATENT 
0142-0428P 



IN THE U.S. PATENT AND TRADEMARK OFFICE 

WEIJKAMP, Clemens T. et al Conf . : 

NEW Group : 

October 8, 2 0 03 Examiner: 

MULTICOLOR INK JET PRINTING METHOD AND 
PRINTER 



LETTER 



Commissioner for Patents October 8, 2003 

P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Under the provisions of 35 U.S.C. § 119 and 37 C.F.R. 
§ 1.55(a), the applicant(s) hereby claim(s) the right of 
priority based on the following application (s) : 



Country 
EUROPE 



Application No. 
02079284 .2 



Filed 
October 9, 2002 



A certified copy of the above-noted application (s) is (are) 
attached hereto. 

If necessary, the Commissioner is hereby authorized in 
this, concurrent, and future replies, to charge payment or 
credit any overpayment to Deposit Account No. 02-2448 for any 
additional fee required under 37 C.F.R. §§ 1.16 or 1.17; 
particularly, extension of time fees. 

Respectfully submitted, 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 




JAK/smt Falls Church, VA 22040-0747 

0142-0428P (703) 205-8000 

Attachment (s) 



{Rev. 09/30/03) 



Europaisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Bescheinigung Certificate 



Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprunglich eingereichten 
Fassung der auf dem nach- 
sten Blatt bezeichneten 
europaischen Patentanmel- 
dung uberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fixes a 
cette attestation sont 
conformes a la version 
initialement deposee de 
la demande de brevet 
europeen specifiee a la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n° 

02079284.2 



Der Prasident des Europaischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 

Le President de I'Office europeen des brevets 
p.o. 



R C van Dijk 



EPA/EPO/OEB Form 1014.1 - 02.2000 7001014 



f 



Eur pai ch s Eur p an Offic urop 

Pat ntamt Pat nt Offic des brev ts 



Anmeldung Nr: Anmeldetag: 

Application no.: 02079284.2 Date of filing: 09.10.02 

Demande no: Date de de>6t: 



Anmel der/Appl 1cant( s)/Demandeur( s) : 

Oce -Techno logies B . V . 
St. Urbanusweg 43 
5914 CC Venlo 
PAYS-BAS 



Bezelchnung der Erf 1 ndung/T1 tl e of the 1 nventlon/Tl tre de l 1 Invention: 
(Falls die Bezelchnung der Erflndung nlcht angegeben 1st, slehe Beschrel bung. 
If no title 1s shown please refer to the description. 
S1 aucun tltre n'est 1nd1qu6 se referer a la description.) 

Multicolor ink jet printing method and printer 



In Anspruch genommene Pr1or1at(en) / Priori ty(1es) claimed /Pr1or1t6(s) 
revend1qu£e( s) 

Staat/Tag/Aktenze1chen/State/Date/F1le no. /Pays/Date/Nume>o de depot: 



Internationale Patentkl assl f 1 katlon/Internatl onal Patent Classification/ 
Classification Internationale des brevets: 

B41J2/00 

Am Anmeldetag benannte Vertragstaaten/Contractl ng states designated at date of 
flUng/Etats contractants designees lors du d€pot: 

AT BE BG CK CY CZ DE DK EE ES FI FR GB GR IE IT LI LU MC NL FT SE SK TR 



02079284.2 

EPA/EP0/0EB Form 1014.2 - 01.2000 7001014 



2 



09-10-2002 15:26 OCE CORPORATE PATEN lb' 

005 09.20.2002 15:22 



1 

Oc6-Technologies B.V., of Venlo 



Multicolor ink jet printing method and printer 

5 The invention relates to a multicolor ink jet printing method, wherein a carriage is moved 
relative to a recording medium in a main scanning direction and a subscanning direction 
orthogonal to the main scanning direction, and each color is printed with a different 
group of nozzle heads mounted on the carriage, and wherein at least one color is 
printed with a larger number of nozzle heads than the other colors. The invention further 

1 0 relates to a printer for carrying out this method. 

A typical multicolor ink jet printer for printing, for example, with the four colors yellow (Y), 
magenta (M), cyan (C) and black (K), comprises at least four nozzle heads, i.e. at least 
one for each color. Each nozzle head has a row of nozzles arranged in the subscanning 
direction. Thus, when the carriage is moved back and forth across the recording 

15 medium In the main scanning direction, each nozzle head prints a swath on the 

recording medium during each pass of the carriage. In a single-pass printing method, 
the recording medium, e.g. paper, is fed in the subscanning direction by an amount 
corresponding to the width of the swath after each pass of the carriage. When the 
nozzle heads are aligned in the main scanning direction, the different color components 
20 are superposed one upon the other during each pass, and the desired hue of the image 
is obtained by subtractive color composition. 

However, a so-called "banding" phenomenon may occur because the order in which the 
color components are superposed depends on the direction of movement of the 
carriage, and a change in this order leads to slight differences in the obtained hue of the 

25 printed image, and, as a result, the hue differences are visible in the form of bands or 
stripes on the printed image. This problem may be overcome by staggering the nozzle 
heads in the subscanning direction, so that the different color components are printed in 
different passes of the carriage and the order in which the colors are superposed will 
always be the same, irrespective of the direction of movement of the carriage, 

30 A similar banding phenomenon may also occur when two or more nozzle heads for the 
same color, e.g. black, are staggered in subscanning direction in order to Increase the 
printing speed. In this case, banding is due to minor differences in the properties of the 
different nozzle heads, e.g. differences in the optical densities obtained therefrom. This 
phenomenon can be mitigated by employing a multi-pass printing method. In a two-pass 

35 mode, for example, each printhead prints only every second pixel in each line in a first 
pass, and the gaps are f illed-in by the second nozzle head in the subsequent pass. As a 
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result, the pixel patterns produced by the two nozzle heads are interleaved, and the 
differences in the properties of the nozzle heads are smoothened out, so that a high 
image quality is achieved, though on the cost of reduced production. 
US-B-6 257 699 discloses a printing method and a printer of the type indicated above. 
5 The printer has three staggered nozzle heads for the colors yellow, magenta and cyan, 
and another group of three noz2le heads for black. The nozzle heads for black are 
mounted on the carriage in reverse orientation as compared to the other three nozzle 
heads and are also staggered in subscanning direction, such that the staggered rows of 
nozzle heads overlap in subscanning direction and one of the nozzle heads for black is 

10 aligned with the nozzle head for cyan in the main scanning direction. This printer can be 
operated in different print modes, including a multi-pass color printing mode wherein 
only one of the three black nozzle heads is used in combination with the nozzle heads 
for the other three colors, a single-pass black and white printing mode, wherein all three 
black nozzle heads are used and the other nozzle heads are disabled, and a mixed 

15 mode, in which black is printed in a multi-pass mode while the other colors are printed in 
a single pass mode. 

WO-A-OC/58102 discloses a printer having four nozzle heads for the colors yellow, 
magenta, cyan and black aligned in main scanning direction and one additional nozzle 
head for black which is offset from the other noz2le heads in the subscanning direction. 

20 The two black nozzle heads are used to speed-up black and white printing. When 
printing with all four colors, only the offset black nozzle head is used, so that black Is 
printed in another pass than the other three colors. The purpose of this measure is to 
reduce smears by providing a larger time delay between the time at which a pixel is 
printed in yellow, magenta and/or cyan and the time at which a black dot is superposed 

25 on this pixel. 

It is an object of the invention to provide a printing method and printer capable of 
achieving an improved quality of color images without causing a substantial loss in 
production. 

According to the invention, this object is achieved by a method of the type indicated 
30 above, which is characterized in that at least one color is printed with a larger printing 
resolution in a main scanning direction than the other colors. 

The invention is based on the observation that the optimal resolution for a color image, 
especially in main scanning direction, may be different for different colors, especially for 
yellow, magenta and cyan on the one hand and for blacK on the other hand. One of the 
35 reasons is that the human eye itself has a higher resolution for black and white contrast 
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than for color perception. Another important reason is that, in typical ink systems for . 
color ink yet printers, the black ink has a higher surface tension than the inks of th 
other colors and, as a result, a black ink dropl t forms only a relative small dot on the 
recording medium, e.g. a film of synthetic resin, whereas ink droplets in the other colors 
5 tend to spread out on the surface of the recording medium and form a larger dot, even 
though the volumes of the ink droplets are all the same. As a result, a high resolution 
which would be optimal for black is not necessarily optimal for the other colors as well, 
due to the larger dot size. 

According to the invention, the nozzle heads for one color, e.g. black, which are present 

10 in a larger number than the nozzle heads for the other colors are used for Increasing th 
resolution for the black color component, whereas a smaller resolution is used for the 
other components in one and the same color printing operation. As a result, borderlines 
between black image areas and white or colored image areas, to which the human eye 
is particularly sensitive, can be printed smoothly, due to the high resolution, whereas the 

15 smaller resolution of the other color components is hardly perceptible to the human eye 
and, in addition, is adapted to the larger dot size of the colored inks. 
Accordingly, in one aspect, the invention provides a multicolor ink jet printer comprising 
a carriage adapted to travel relative to a recording medium in a main scanning direction 
and a subscanning direction orthogonal to the main scanning direction, and a plurality of 

20 groups of nozzle heads mounted on the carriage, wherein the groups are assigned to 
different colors and at least one group (e.g. the one for black) comprises a larger 
number of nozzle heads than the other groups, characterized in that a color print mode 
is implemented in which the printing resolution In main scanning direction is larger for 
the color printed with said one group than for the other colors. 

25 Useful details of the invention are indicated in the depending claims. 

In a preferred embodiment, the nozzle heads of all groups are adapted to print with the 
same resolution (e.g. 600 dpi) in the subscanning direction. Then, in the color print 
mode using differential resolution, the resolution in the main scanning direction will also 
be 600 dpi for black but only a smaller resolution, e.g. 300 dpi, is used for the other 

30 colors. 

Of course, the printer is also capable of operating in another print mode, sirigle-pass or 
multi-pass, with maximum resolution (e.g. 600 dpi) in both, main scanning direction and 
subscanning direction. Conversely, it is possible to use the smaller resolutipn (300 dpi) 
not only for yellow, magenta and cyan but also for black. In black and white printing, 
35 multi-pass printing is possible to reduce the black and white banding phenomenon. 



09-10-2002 15: 2? o« COHUHIb MHIkNIS 

^08 09.10.2002 M lT:23 



In a preferred embodiment, not only the black printheads but also the other printheads 
are staggered in subscanning direction, so that the order of superposition of the color 
components is always the same and banding due to hue differences is avoided. 
In a particularly preferred embodiment, there are provided at least three r preferably four r 
5 nozzle heads in one group (for black) and two nozzle heads in each of the other groups. 
Thus, at least two nozzle heads are provided for each color, so that high production 
printing is possible. Nevertheless, by using a staggered arrangement of the nozzle 
heads in overlapping rows, it is possible to integrate the comparatively large total 
number of nozzle heads in a relatively compact area of the carriage. 

10 

Thus, in another aspect, the invention also provides a multicolor ink jet printer 
comprising a carriage adapted to travel relative to a recording medium in a main . 
scanning direction and a subscanning direction orthogonal to the main scanning 
direction, and a plurality of groups of nozzle heads mounted on the carriage, wherein 

15 the groups are assigned to different colors, characterized in that at least one group 
comprises at least three nozzle heads and each of the other groups comprises at least 
two nozzle heads, the nozzle heads of all the groups being staggered in at least three 
lines perpendicular to the main scanning direction, such that the lines mutually overlap 
in the subscanning direction. 

20 Preferably, said one group comprises four nozzle heads arranged in one of said slanting 
lines, and at least one of these nozzle heads is offset relative to each of the other nozzle 
heads in the subscanning direction. This at least one nozzle head can then be used for 
bidirectional full color printing without any changes in the print order. 
Preferred embodiments of the invention will now be described in conjunction with the 

25 drawings, In which: 

Fig. 1 is a perspective view of a carriage of an inkjet printer according to the invention: 
Fig. 2 is a top view of the carriage shown in figure 1 ; 

Fig. 3 is a diagram illustrating the arrangement of nozzle heads on the carriage as 
shown in figure 2; 

30 Fig, 4 is a diagram illustrating a modified arrangement of nozzle heads on the carriage; 
Rg. 5 is a diagram explaining an overlap between rows of nozzles of adjacent nozzle 
heads; 

Fig. 6 is a diagram illustrating an arrangement of image dots in an image area printed 
during a first pass of the carriage; and 
35 Rg, 7 is a diagram illustrating the arrangement of image dots in an image area printed 
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during a return pass of the carriage. 

As is shown in figure 1 , a multicolor ink jet printer comprises a carriage 10 which is 
guided on guide rods 12 and, as is known per-se, is driven by a drive mechanism (not 
shown) to travel along the guide rods 12 in a main scanning direction X relative to a 
5 recording medium 14. The recording medium 14 is fed by feeding means (not shown) in 
a subscanning direction Y which is orthogonal to the main scanning direction X. 
A number (10 in this example) of nozzle heads 16 are mounted on the carriage 10 and 
are arranged in a specific configuration, as will be explained in conjunction with figure 2. 
Each nozzle head 16 is formed integrally with an ink cartridge which is the only part of 

10 the nozzle head that is visible in figure 1 , On the bottom side of the ink cartridge and on 
the bottom side of the carriage 10, i.e. facing the recording medium 14, each nozzle 
head 16 has at least one row of nozzles and an associated drive system which may for 
example be formed by piezoelectric actuators and is configured to cause the individual 
nozzles to expel ink droplets at appropriate timings in accordance with image 

15 information of an image to be printed. 

As is shown in figure 2, the nozzle heads, which are designated in general by the 
reference numeral 16, comprise a group of four nozzle heads K1-K4for black ink, a 
group of two nozzle heads C1 f C2 for cyan, a group of two nozzle heads M1 , M2 for 
magenta and a group of two nozzle heads Y1 , Y2 for yellow. The position, orientation 

20 and length of the nozzle rows 18 of each nozzle head 1 6 has been indicated in figure 2 
by bold vertical lines. It can be seen that the individual nozzle rows 18 of the nozzle 
heads 16 are offset from one another in the subscanning direction Y by a distance 
corresponding to their length, so that, when the carriage 10 moves in the main scanning 
direction Y, the nozzle rows 18 sweep over adjacent swaths a-h. By way of example, it 

25 may be assumed that the nozzle heads 1 6 have a resolution of 600 dpi in subscanning 
direction, and each nozzle row 18 has sufficient nozzles to print 192 lines of image dots 
simultaneously, said 192 lines forming one of the swaths a-h having a width of 8,128 
mm. 

The nozzle heads K1-K4 forming the group of black nozzle heads are arranged on a 
30 straight line which is slanting relative to the main scanning direction X, so that their 
nozzle rows 18 are appropriately staggered in the subscanning direction Y« Similarly, 
the nozzle heads C1 , C2, M1 and M2 of two other groups form another slanting line in 
parallel to the first slanting line and overlapping therewith in subscanning direction, so 
that the positions nozzle heads M1 , M2 in the direction X coincide with those of the 
35 nozzle heads K1 and K2, respectively. Moreover, the positions of the nozzle rows 18 of 
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the nozzle heads C1 and C2 in the main scanning direction X coincide with those of the 
nozzle rows 18 of the nozzle heads K3 and K4, respectively, It will further be observed 
that the orientation of the nozzle heads M1 and M2 is inverted relative to those of the 
nozzle heads K1 and K2. This is necessary in order for the nozzle rows of the nozzle 
5 heads C1 , C2, M1 and M2 to be arranged on a straight slanting line, irrespective. of the 
comparatively large size of the footprints of the ink cartridges of the nozzle heads and 
the off-center positions of the nozzle rows 18 relative to the ink cartridges. Similarly, the 
nozzle heads Y1 and Y2 forming the fourth group are disposed in inverted orientation, 
so that their nozzle rows 18 form another (short) slanting line and are aligned in 
10 subscanning direction with the the nozzle rows of the nozzle heads C1 and C2. It should 
be noted however that the nozzle rows 18 of the nozzle heads C1 B C2, M1 , M2, Y1 and 
Y2 for the colors cyan, magenta and yellow do not overlap in the main scanning 
direction. This can be seen more clearly fn figure 3 in which the positions of the various 
nozzle heads have been shown in diagrammatic form. 
15 The operation of the printer will now be explained with reference to figure 2- In a first 
pass of the carriage 10, either In positive or negative X-direction, the nozzle heads Y1 
and Y2 will print a yellow sub-image or color component of an image to be printed on 
the swaths a and b. At the end of this pass, the recording medium 14 will be fed in the 
subscanning direction Y by the width of the two swaths a, b, i.e. by a distance of 16,256 
20 mm. Then, in the next pass, with the carriage 10 moving in opposite direction, the 

nozzle heads M1 and M2 will print a magenta sub~image on the same swaths a and b, 
so that each magenta ink dot will overlay a yellow dot that may have been printed at that 
position in the preceding pass, thereby creating a mixed color. The ^cording medium is 
again fed by the same distance, and in the next pass, a cyan sub-image is superposed 
26 by means of the nozzle heads C1 and C2. In a print mode with a resolution of 600 x 600 
dpi for each of the four colors, the nozzle heads K3 and K4 are kept inoperative. At the 
end of this pass, the recording medium is fed once again, and in a fourth pass, a black 
sub-image is superposed by means of the nozzle heads K1 and K2. Of course, when 
the second pass is performed, the nozzle heads Y1 and Y2 will simultaneously print a 
30 yellow sub-image on the subsequent two swaths, in the third pass, the nozzle heads Y1 , 
Y2, M1 and M2 will operate simultaneously with the nozzle heads C1 and C2, and so 
on. 

The nozzle heads K3 and K4 are used for a print mode in which the resolution for the 
color components yellow, magenta and cyan is 300 x 600 dpi, i.e. only 300 dpi in the 
35 main scanning direction X but 600 dpi In the subscanning direction Y, whereas the 
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resolution for the black sub-image is 600 x 600 dpi. In this mode, the frequency with 
which the nozzles of the individual nozzle heads are fired is only half the frequency that 
has been used in the previously described 600 x 600 dpi mode. The timings at which 
the no22tes of the nozzle heads K3 and K4 are fired are shifted relative to the timings of 

5 the nozzle heads C1 and C2, so that the black ink dots are positioned in the gaps, 
between the cyan dots. In the fourth pass, the nozzles of the nozzle heads K1 and K2 
are fired at such timings that the black ink dots produced thereby are superposed on the 
cyan ink dots formed with the nozzle heads C1 and C2 and hence in the gaps between 
the dots formed by the nozzle heads K3 and K4. Thus, for the black sub-image, the full 

10 resolution of 600 dpi in main scanning direction X is achieved in two passes. 

In black and white printing, a two-pass mode is achieved by firing the nozzle heads Kl , 
K2, K3, K4 in the same way as described above, with the only difference that the nozzle 
heads C1 , C2, M1 , M2, Y1 , Y2 are kept inoperative. 

Another possible print mode for black and white is a high speed or draft mode in which 
15 the resolution is also 600 x 600 dpi, but the nozzle heads K1-K4 are operated in a 

single-pass mode. Then the printing speed is approximately twice as high as in the two- 
pass mode, but the image quality may be lower, because of banding produced by the 
four nozzle heads K1 -K4. 

Conversely, a very high image quality without any banding may be achieved by 
20 employing a four-pass mode in black and white. In this mode, the nozzle head K4 will 
only print every fourth pixel in the first pass, and the remaining pixels will successively 
be filled-ln by the other nozzle heads K3, K2 and K1 in the subsequent passes. 
In order to suppress banding produced by the two nozzle heads provided for each color 
component, it is also possible to employ a full-color two pass mode with the resolution 
25 600 x 600 dpi. In this mode, the recording medium is advanced only by the width of a 
single swath, i.e. 8,128 mm after each pass, so that the nozzle head Y1 will print on the 
same swath as the nozzie head Y2, and so on. The nozzie heads K3 and K4 are not 
used in this mode. 

In yet another mode, the resolution is again 600 x 600 dpi for black and 300 x600 dpi 
30 for the other colors, with four-pass printing being employed for black and two-pass 
printing for the other three colors. 

It will thus be appreciated that the printer can be operated in a large variety of different 
modes in order to comply with different quality requirements. In general, the time 
required for printing an image of a given size will increase with increasing quality. 
35 However, the mixed modes employing a resolution of 600 x 600 dpi for black (two-pass 
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printing or four-pass printing) and 300 x 600 dpi for the other colors (single-pass or two- 
pass printing) permit a printing quality which is significantly higher than the quality 
achieved in a corresponding 300 x 300 dpi mode which would require the same printing 
time (with the nozzle heads K3, K4 being inoperative). 
5 Jn addition, the arrangement of the nozzle heads 1 6 as shown in figures 2 and 3 permits 
a compact construction of the carriage 10 in spite of the space requirements for the ink 
cartridges of the nozzle heads. 

Figure 4 illustrates a modified embodiment employing a group of six nozzle heads K1- 
K6 for black and two nozzle heads for each of the other colors. This embodiment 
10 permits one-pass to six-pass printing for black and white. In full-color printing, it permits 
a resolution of 600 x 600 dpi or 300 x 300 dpi in a single-pass mode or a two-pass 
mode with the nozzle heads K3, K4 for black and the nozzle heads C1 , C2, M1 . M2 and 
Y2, Y2 for the other colors. Since the nozzle heads K3, K4 do not coincide with any of 
the other nozzle heads, as seen in main scanning direction X, the print order will be 
15 independent of the direction of movement of the carriage. 

In addition, the following mixed modes are possible for example: 
a) resolution 600 x 600 dpi for black and 200 x 600 dpi for the other colore: 
a1) three-pass mode for black and single-pass mode for the other colors. 
a2) six-pass mode for black and two-pass mode for the other colors 
20 b) resolution 600 x 600 dpi for black and 300 x 600 dpi for the other colore: 
b1) two-pass mode for black (using only four of the six nozzle heads) and 

single-pass mode for the other colors. 
b2) four-pass mode for black (using only four of the six nozzle heads) and 
two-pass mode for the other colors. 
25 In the arrangement shown in figure 4, the orientation of the nozzle heads K1 and K2 
would be inverted relative to those of the nozzle heads K3, K4, Y1 and Y2, in order to 
avoid interference with the ink cartridges of the nozzle heads K5 and K6. In general, a 
compact arrangement of the nozzle heads is possible as long as, in any position in X- 
direction, not more than two of the slanting lines defined by the nozzle rows are 
30 overlapping. 

When, in the above embodiments, the single-pass mode is used for the colors yellow, 
magenta and cyan, a minor banding might be visible because adjacent swaths in one 
color component are printed with different printheads. In order to mitigate this effect, the 
nozzle row 18 of the nozzle heads in the proposed embodiments each comprise 208 
35 individual nozzles, i.e, 1 6 nozzles more than the 192 nozzles actually needed, and the 
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nozzl rows are arranged with an overlap of 16 nozzles in the subscanning direction Y, 
as is shown in figure 5. As an example, figure 5 shows the bottom end of the nozzle row 
18-C1 of the nozzle head C1 in figure 2 and the top end of the nozzle row 18-C2 of the 
nozzle head C2. In the overlapping area of 16 nozzles, the pixels of a given line can be 
5 printed with either one of two nozzles. For example, nozzle 20 can print the same pixel 
line as nozzle 20'. 

When, for example, a plain area filled with the color cyan has to be printed, the nozzle 
20 will omit every 1 6th pixel in the line, and the missing pixel will be printed with the 
nozzle 20 l . Similarly, nozzle 24 will omit every 12th pixel in the line, and the missing 

10 pixels will be printed with nozzle 24'. Finally, the last nozzle of the row 18-C2, nozzle 36, 
will print only one pixel in the line, and all the other pixels will be printed by nozzle 36'. la 
this way, the image printed with the nozzle line 18-C2 is gradually merged with the 
Image printed by the nozzle line 1S-C1 , so that any differences between the two nozzle 
heads C1 and C2 are smoothened out. The same holds true for the borders between 

15 the nozzle rows of the other pairs of nozzle heads such as Y1 f Y2 and M1 f M2 f and as 
well for the borders between the four black nozzle heads K1-K4. 
In order to avoid artefacts at the transition between adjacent nozzle rows 18 t it is 
important that the nozzle heads 16 are precisely adjusted in the subscanning direction 
Y. To this end, electronic adjusting means may be used, as is generally known In the 

20 art 

The effect of the mixed mode with a resolution of 600 x 660 dpi for black and 300 x 600 
dpi for the other colors will now be explained by reference to figures 6 and 7. 
Figure 6 shows a pattern of pixels or ink dots corresponding to an image area solidly 
filled with cyan and superposed by a vertical black line 40. The cyan ink dots 42 are 

25 represented by non-filled circles which have a comparatively large diameter, due to the 
comparatively low surface tension of cyan ink. The center-to-center distance between 
adjacent ink dots 42 in the main scanning direction X is 1/300 u , corresponding to the 
resolution of 300 dpi, and the corresponding distance in the subscanning direction Y is 
1/600 The dots in adjacent lines are shifted relative to one another by 1/600 \ so that 

30 the ink dots overlap and the image area is completely covered with ink, without leaving 
any voids. 

In figure 6, it is assumed that the carriage 10 has moved in positive X-dfrection while 
printing the shown part of the image. Thus, the cyan image dots 42 have been printed 
first by the nozzle head C1 , and the black dots 44, 46 forming the black line 40 are 
35 printed on the cyan background. The dots 44, 46 have a smaller diameter, due to the 
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higher surface tension of black ink, and are printed with a resolution of 600 x 600 dpi. 
The dots 44 have been printed with the nozzle head K3 in figure 2, and the dote 46 have 
been printed with the nozzle head K2. A horizontal line 48 indicates the border between 
the upper portion of the black line 40, for which the two-pass black printing has been 
5 completed, and the lower portion for which only the first pass has been performed. The 
dots 46 are shown to overlay the dots 44. 

It can be seen that the high resolution obtained by two-pass printing In black gives a 
smooth edge of the black fine 40, as has been highlighted at 50. 
Figure 7 illustrates a situation analogous to the one shown in figure 6 for the case that 
10 the carriage 10 has moved in opposite direction, i.e. in -X-direction. in this case, the 
dots 44 are printed by the nozzle head K3 before the cyan dots 42 are printed by the 
nozzle head C1 . As a result, figure 7 shows the dots 44 on top of the dots 42. The dots 
46 are printed last and therefore form a top layer- 

The fact that the order in which the dots 42 and 44 are printed in figure 7 is reversed In 
15 comparison to the order in which they are printed in figure 6, may give rise to minor 
changes in the color hue of the final image. However, these differences will hardly be 
visible for the following reasons. 

1 . The reversed print order applies only for one half of the black dot, i. e. only to the 
dots 44 and not to the dots 46. 
20 2. The color cyan printed with the nozzle heads C1 and C2 which are aligned with the 
black nozzle heads K3 and K4 is relatively dark, so that the dots 42 and the dots 44 
have a similar optical density and the reversal of the print order will not cause a 
significant effect. 

3. Although the ink dots have been shown as circles in the drawings, it will be 
25 understood that the optical density decreases from the center towards the periphery. 
As can be seen in figure 7, the dots 44 are printed in the gaps between the dots 42 
and overlap only with the faint peripheral portions of the dots 42. This also helps to 
reduce the effects of the reversal of the print order. In contrast, the dots 46 are 
disposed centrally on the dots 42, but the dots 46 are in any case the last ones to be 
30 printed y so that there is no reversalin the print order. 

Thus, although the cyan nozzle heads C1 and C2 are aligned with the black nozzle 
heads K3 and K4 in figure 1 , so that a; compact construction of the carriage 10 is 
achieved, the image quality will not significantly be impaired by the reversal of the print 
order. 

35 In the 600 x 600 dpi mode for all colors, there will be no reversal in the print order, 
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anyway, because the nozzle heads K3 and K4 are not used. 

Similarly, in the embodiment shown in figure 4, there will be no reversal in the print 

order when only the nozzle heads K3 and K4 are used. 
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CLAIMS 

1 . Multicolor ink jet printing method, wherein a carriage (10) is moved relative to a 
recording medium (14) in a main scanning direction (X) and a subscanning direction (Y) 

5 orthogonal to the main scanning direction, and each color is printed with a different 

group of nozzle heads (16) mounted on the carriage (10), and wherein at least one color 
is printed with a larger number of nozzle heads (K1-K4) than the other colors, 
characterized in that said at least one color is printed with a larger printing resolution in 
main scanning direction than the other colors. 

2. Method according to claim 1 , wherein. said at least one color is black and the other 
colors are yellow, magenta and cyan. 

3. Method according to claim 2, wherein the colors yellow, magenta and cyan are 
15 printed in subsequent bidirectional passes of the carriage 10, a portion of the black 

image is printed in the same pass as cyan, and a remaining portion of the black Image 
is printed in a subsequent pass, 

4. Method according to claim 1 or 2, wherein black ink dots (44) that are printed In the 
20 same pass as cyan ink dots (42) are printed in the gaps between adjacent cyan ink dots 

(42). 

5. Method according to any of the preceding claims, wherein a liquid ink used for 
printing said at least one color ha© a higher surface tension than the ink used for printing 

25 the other colors. 

6. Multicolor ink jet printer comprising a carriage (10) adapted to travel relative to a 
recording medium (14) in a main scanning direction (X) and a subscanning direction (Y) 
orthogonal to the main scanning direction, and a plurality of groups (K1-K4; C1, C2; M1, 

30 M2; Y1 , Y2) of nozzle heads (1 6) mounted on the carriage (10), wherein the groups are 
assigned to different colors and at least one group (K1-K4) comprises a larger number 
of nozzle heads than the other groups, characterized in that a color print mode is 
implemented in which the printing resolution in the main scanning direction (X) is larger 
for the color printed with said one group (K1-K4) than for the other colors. 

35 
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7. Print r according to claim 6, wherein the nozzle heads for different colors are 
staggered in the subscanning direction (Y). 

8. Printer according to claim 7, wherein the nozzle heads (16) are arranged on at least 
5 three straight lines that are perpendicular to the main scanning direction (X) and overlap 

one another in the subscanning direction (Y). 

9. Printer according to claim 8, wherein the group (K1-K4) which has a larger number of 
nozzle heads than the other groups comprises at least one nozzle head (K1 p K2) which 

10 is offset relative to all the other nozzle heads in the subscanning direction (Y). 

10. Printer according to claim 8 or 9, wherein the group (K1 -K4) which has the larger 
number of nozzle heads comprises at least one nozzle head (K3, K4) which is aligned 
with a nozzle head (C1 , C2; M1 , M2; Y1 , Y2) of another group in the main scanning 

15 direction (X). 

1 1 . Printer according to any of the claims 6 to 1 0, wherein each group (K1 -K4; C1 ,C2; 
M1 , M2; Y1 , Y2) comprises at least two nozzle heads which are staggered in 
subscanning direction (Y). 

20 

12. Printer according to any of the claims 6 to 1 1 , wherein each nozzle head (16) is 
integrated in an ink cartridge and has a nozzle row (18) offset from the center of the ink 
cartridge, when viewed in the direction in which the ink is jetted-out, and wherein the 
nozzle heads are mounted on the carriage (1 0) in two different orientations rotated 

25 relative to one another by 1 80°. 

13. Printer according to claims 8 and 12, wherein the lines of nozzle heads are arranged 
such not more than two nozzle heads are disposed at the same position in main 
scanning direction (X). 

30 

14. Multicolor ink jet printer comprising a carriage (10) adapted to travel relative to a 
recording medium (14) In a main scanning direction (X) and a subscanning direction (Y) 
orthogonal to the main scanning direction, and a plurality of groups (K1-K4; C1, C2; M1 , 
M2; Y1 , Y2) of nozzle heads (16) mounted on the carriage (10), wherein the groups are 

35 assigned to different colors, characterized in that at least one group (K1-K4) comprises 
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at least three nozzle heads and each of th other groups (C1 , C2; M1 , M2; Y1 , Y2) 
comprises at least two nozzle heads, the nozzle heads of all the groups being staggered 
in at least three lines perpendicular to the main scanning direction (X), such thatthe 
lines mutually overlap in the subscanning direction. 
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ABSTRACT 



Multicolor ink jet printing method, wherein a carriage (10) is moved relative to a 
recording medium (14) in a main scanning direction (X) and a subscanning direction (Y) 
orthogonal to the main scanning direction, and each color is printed with a different 
group of nozzle heads (16) mounted on the carriage (1 0), and wherein at least one color 
is printed with a larger number of nozzle heads (K1-K4) than the other colors, 
characterized in that said at least one color is printed with a larger printing resolution in 
main scanning direction than the other colors. 
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Fig. 3 
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